Analysis of the Functioning of Urban Deliveries in the City Centre and its Environmental Impact Based on Szczecin Example  by Kijewska, Kinga & Iwan, Stanisław
 Transportation Research Procedia  12 ( 2016 )  739 – 749 
2352-1465 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organising committee of the 9th International Conference on City Logistics
doi: 10.1016/j.trpro.2016.02.028 
Available online at www.sciencedirect.com
ScienceDirect
The 9th International Conference on City Logistics, Tenerife, Canary Islands (Spain), 17-19 June 
2015 
Analysis of the functioning of urban deliveries in the city centre and 
its environmental impact based on Szczecin example 
Kinga Kijewska*, Stanisław Iwan 
Maritime University of Szczecin, Faculty of Economics and Transport Engineering, ul. Poboznego 11, 70-515 Szczecin, Poland  
Abstract 
The main problem arising in the process of analysing the functioning of the transport and distribution of goods in urban areas is 
the lack of data on their implementation, in particular with regard to the classification of vehicles, their routes, changes in 
demand for transport, etc. The paper introduces the methodology and results of analysis of the goods distribution within the city 
centre of Szczecin in the area covering the significant number of companies, retail and service entities, entities of the HoReCa 
sector, schools, universities, and public administration. Major objective of the study was to analyse the influence of deliveries on 
city environment. It should be emphasized that due to the polycentric structure of Szczecin it was difficult to identify its city 
centre. This example could be good reference for the analysis realized in other cities, especially taking to the account their 
similarity to Szczecin. 
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1. Introduction 
A complex urban system is an important area for human functioning as it is a place of work, living, recreation, 
shopping and culture. It can help in the implementation of many necessities of life of its citizens and other users 
(visitors to the city or entrepreneurs) by providing them with suitable conditions. These necessities include, in 
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particular, smooth movement and possible free access to a wide array of consumer goods, as well as resources. 
Nowadays, city transport is one of the key challenges faced by policy makers (Witkowski, Kiba-Janiak 2014). 
Ensuring an effective system for the movement of both people and freight to a large extent determines the quality of 
life in the city and its competitiveness in relation to other cities (Witkowski, Kiba-Janiak 2012). On the other hand, a 
noticeable increase in these needs contributes to the presence of many difficulties, which include: waste of time as 
the result of congestion, lack of parking spaces in the city centre (significantly limiting the efficiency of the transport 
system) or the unavailability of adequate information concerning the course of transport processes carried out within 
the city. One of the most negative phenomena occurring in modern cities, and resulting directly from the growing 
transportation needs and their fragmentation, is the environmental degradation associated with the destruction of 
valuable natural and cultural areas. 
The main problem arising in the process of analysing the functioning of the transport and distribution of goods in 
urban areas is the lack of data on their implementation, in particular with regard to the classification of vehicles, their 
routes, changes in demand for transport, etc. The main two reasons for difficulties in obtaining these data include 
(Taniguchi et al. 2006)  
x Transport in the cities involves mainly private companies that usually do not want to share data on their 
transactions, supplies and carried cargo to its competitors and the public sector; 
x Lack of standardized study methods in the field of freight transport and supplies in cities.  
Implementation of the distribution processes in urban areas faces the biggest number of difficulties within the city 
centres. This is mainly due to the significant condensation of workplaces, retail and service entities, entities of the 
HoReCa sector, schools and universities, and public administration. An additional difficulty is the topological 
structure of the streets resulting from historical background. This applies particularly to European cities, the centres 
of which were most often developed in the periods in which the demand for transport services was much smaller and 
the number of transport users did not have such a significant effect on the occurrence of congestion. On the one hand, 
city centres involve retail, service, administrative and tourist entities, on the other hand, they usually accumulate key 
hubs of urban transport system. All of this makes deliveries within the city a particular challenge for the smooth 
functioning of the whole urban organism, involving at the same time a significant number of difficulties associated 
with the traffic restrictions (e.g. the occurrence of zones protecting historical buildings), linear infrastructure not 
adapted to the increasing number of vehicles (mostly narrow streets and one-way traffic organization) or the lack of 
sufficient number of parking spaces. 
2. Methodology 
2.1. Research area 
Delimitation of the research area was based on the aforementioned factors (primarily the accumulation of entities 
in a particular area, the operation of which helps to generate increased demand for deliveries (Czyszkiewicz et al. 
2011)), as well as aspects of particular importance in the context of sustainable development, in particular emissions 
from transport. 
The analysis of anthropogenic emissions (Chapman 2007) from road transport usually takes into account the level 
of carbon dioxide (CO2) as a key factor contributing to the formation of the greenhouse effect. This approach is 
justified in the global context (Lin Tzu-Ping 2010; Cadarso et al. 2010; He et al. 2005), however, it does not allow 
for a more complex analysis while focusing directly on the local impact on the urban environment. Given the 
expansion of urban organisms towards the large agglomerations, where the number of vehicles in relation to the 
population per square kilometre is many times higher than in non-urban areas (Rojas-Rueda et al. 2012), it becomes 
essential to take into account the chemical compounds directly related to the health status of the city population. 
These pollutants include mainly carbon monoxide (CO), which is an odourless and colourless gas with highly toxic 
properties, nitrogen dioxide (NO2) - brown, highly toxic gas with a pungent odour, hydrocarbons (HC), which 
include carcinogenic compounds, and particulate matter (PM) in the form of carbon-graphite compounds, ash and 
soot. As a result of photochemical reactions, NOx and HC compounds may cause photochemical smog in the cities 
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containing toxic substances, such as Peroxyacetyl nitrate. Therefore, in most cases emitted compounds are divided in 
the way in which the dominant criterion is their chemical toxicity in order to take into account the 
multidimensionality of the evaluation. The analysis of the environmental effect on urban transport system should 
take into account the total of emitted inclusions, including primarily carbon compounds (CO, CO2, HC), particulate 
matter (PM) and nitrogen compounds marked as NOx forming the sum of NO and NO2. All of these compounds are 
highly exposed in the studies on transport emissions in urban areas (Kanaroglou et al. 2008; Huo et al. 2012; 
Gallardo 2012). These compounds are also the basis of the European emission standards (EURO).  
In Poland, the analysis of pollutants within the air quality assessment carried out by the Voivodship Inspectorate 
of Environmental Protection is associated with the study on the presence of compounds directly affecting health, 
which are toxic compounds such as CO, NO2, SO2, C6H6 or PM (Landsberg-Uczciwek  et al. 2013). Due to the fact 
that one of the main criteria for selection of the research area was direct impact of urban freight transport on the 
urban environment, its delimitation mainly included data on emissions of toxic compounds, particularly NO2. 
According to data from the Voivodship Inspectorate of Environmental Protection, NO2 concentration level in 
Szczecin is located around the area of the city centre with concentrations exceeding 100 mg/m3. Moreover, the 
highest concentration of NO2 exceeding 120 mg/m3 can be found in the central part of the city centre of Szczecin 
(Fig. 1). 
Fig. 1. The level of concentration of NO2 in Szczecin. Source: Voivodship Inspectorate of Environmental Protection in Szczecin, 
http://www.wios.szczecin.pl of 11.11.2014. 
The final research area covered 29 streets in the central part of the city centre (Fig. 2). 
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Fig. 2. Research area in Szczecin. Source: own study. 
The study included a total of 1210 entities that generate traffic of delivery vehicles in the analysed area divided 
into four categories: retail entities (58%), HoReCa sector (11%), service entities (28%) and production plants (3%). 
64% of these entities participated in the survey, while 36% refused to provide answers to the questions asked. 
2.2. Methods and approach 
The basis for the entire study process was deductive approach, allowing for deriving specific conclusions for the 
research area based on general evidence in the implementation and development of logistics distribution in cities. In 
the economic study of this type, conclusions based on hypothetical reasoning allows to perform analyses, which 
provide answers to questions about the effect of specific decision-making variants (Stachak 2003). For this reason, it 
was assumed that such approach would be the most natural for the specificity of this study. 
Standardized interview method was applied based on the use of questionnaires, which included a comprehensive 
analysis of the current functioning of goods movement. This method is considered to be fundamental in economics 
and its application in the context of the specific nature of this study was crucial due to the fact that it allows for close 
interaction with the respondent. Moreover, the investigator is able to interact with the respondent by asking him 
specific questions (Sztumski 2010). The questionnaire was developed on the basis of the experience of selected cities 
in the implementation of solutions supporting freight transport functioning. 
The study covered 1210 entities the operation of which generates traffic of delivery vehicles in the surveyed area 
of Szczecin. The entities was parted in four main categories: 
x Retail entities, 
x HoReCa, 
x Service entities, 
x Production plants. 
The survey was conducted among 64% (774 entities), while 36% (274) of entities refused to take part in the 
survey. Table 1 summarizes the number of entities, which participated in the survey, divided by the type of entity. 
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     Table 1. Total number of entities in research area. Source: own study. 
 
Retail entities 
Service 
entities 
HoReCa 
Production 
plants 
Total 
Number of survey 
participants  
700 130 339 41 1210 
 
3. Results of the analysis in Szczecin 
3.1. Functioning of deliveries in analysed area 
The study has shown that 78% of the entities are supplied by vehicles with a capacity of 3.5 t. The remaining 22% 
are supplied by vehicles with a capacity of over 3.5 t to 12 t. The largest part of deliveries is made for the needs of 
retail entities - approx. 70% of all deliveries in the analysed area. Tables 2 shows the supply needs by own transport 
and third party transport (own transport involves means of transport owned by the entity owner, while third party 
transport is made by external companies) taking into account their frequency and types of entities. 
     Table 2. Total number of entities in research area. Source: own study. 
 
Every day 
2-3 times a 
week 
Once a week 
Less than once a week  
Twice a month Once a month 
Own transport 
Retail entities 42% 20% 13% 12% 13% 
HoReCa sector 1% 2% 84% 10% 3% 
Service entities 3% 64% 21% 10% 2% 
Production plants 33% 62% 3% 2%  
Third party transport 
Retail entities 58% 19% 7% 8% 8 
HoReCa sector 86% 2% 2% 10%  
Service entities 12% 49% 29% 10%  
Production plants 79% 13% 6%  2% 
 
Analysis of the data showed that deliveries made every day (both using own transport, as well as third party 
transport) in 86% concern deliveries of bread and dairy products. 
Based on these data it was calculated that the total average number of deliveries per week within the analysed 
area amounts to 8024, where the majority of them concerns deliveries made to retail entities (5585 – 8 deliveries per 
week to one entity) – Table 3. 
     Table 3. Number of deliveries per week by the business activity. Source: own study. 
 Total Average per entity 
Retail entities 5585 8 
HoReCa sector 692 5 
Service entities 1378 4 
Production plants 369 9 
Total 8024 6,5 
 
The study has shown that most deliveries are made on Thursdays (28%) and Fridays (23%), while least on 
Saturdays (5%) – Fig. 3. Deliveries are not made on Sundays. 
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Fig. 3. Deliveries divided into the days. Source: own study. 
Preferred times of deliveries are shown in Table 4. 
Table 4. Number of deliveries per week by the business activity. Source: own study. 
 
Times of deliveries 
400–759 800–1159 12 00–1559 1600–1959 2000–2359 2400–359 
Own transport 
Retail entities 77% 13% 45% 10% 3%  
HoReCa sector 12% 74% 4% 4% 5%  
Service entities 86% 86% 35% 14%   
Production plants 7% 2% 55% 32% 6% 2% 
Third party transport 
Retail entities 39% 58% 34% 8% 28%  
HoReCa sector 12% 74% 4% 8% 4% 2% 
Service entities 48% 65% 25% 10%   
Production plants 39% 60% 14% 38% 5% 3% 
 
In addition, it was found that weekly deliveries to the majority of retail entities range from 601 to 2000 kg. Over 
50% of entities from the HoReCa sector generate demand for deliveries ranging from 201 kg to 1000 kg. Moreover, 
in more than 40% of service entities delivery volume ranges between 201 and 600 kg per week. The greatest demand 
for deliveries is generated by production plants. In this category, weekly deliveries to more than 60% of the entities 
range from 1501 kg to 2000 kg. Table 5 presents weekly delivery volumes for each group. 
Table 5. Weekly delivery volumes. Source: own study. 
Size of deliveries Retail entities HoReCa sector Service entities Production plants 
less than 200 kg 11% 12% 28% 0% 
201 – 600 kg 32% 35% 41% 2% 
601 – 1000 kg 34% 23% 23% 5% 
1001 – 1500 kg 15% 16% 5% 9% 
1501 – 2000 kg 3% 12% 3% 62% 
more than 2000 kg 5% 2% 0% 22% 
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3.2. Main problems in making deliveries in analysed area 
Radial street pattern of the left-bank part of the old city causes situation in which all connections between the 
districts must be made through the central regions of Szczecin. Insufficient street pattern in the city centre: 
x Makes it impossible to use existing sections of streets to direct transit to the outskirts of the city, 
x Reduces the possibility of developing public transport network, and particularly tram system. 
The increasing number of vehicles in the streets of Szczecin city centre causes heavy traffic and hinders the 
functioning of public transport. Moreover, the central area of the city is crossed by three national roads. Elimination 
or reduction of transit traffic, as well as the transport of dangerous goods, is prevented due to the lack of ring roads 
(Szczecin Municipality Transport Policy 2013). 
Therefore, the most important tasks identified by the local authorities in terms of improving the traffic in the city 
centre of Szczecin should include (Internal documents of the City of Szczecin 2013):  
x Elimination of delivery vehicles and transit traffic from the city centre, 
x Reduction of the number of cars in the city centre, 
x Improvement of the road quality.  
An important part of the questionnaire conducted in the research area was the identification of major problems 
which - according to the respondents - occur in the city centre of Szczecin in terms of making deliveries (Tab. 6). 
Table 6. Major problems related to the freight transport in Szczecin centre area. Source: own study. 
Problems in making deliveries 
Ranking (weight) Weighted 
average 1 2 3 4 5 
Availability/no place for collecting/ delivery of goods and availability/ no 
parking spaces for delivery vehicles 
0% 0% 2% 5% 93% 98% 
Inappropriate space for parking delivery vehicles 0% 0% 4% 14% 82% 96% 
Conflict with other road users 0% 0% 3% 91% 6% 81% 
Presence of large delivery vehicles on the streets 0% 2% 6% 89% 3% 79% 
Inappropriate/ insufficient legislation and regulations 0% 4% 2% 89% 5% 79% 
Too much traffic in the city 0% 0% 37% 55% 8% 74% 
Restricted access of freight vehicles to certain urban areas 6% 7% 65% 22% 0% 61% 
Too narrow streets 0% 82% 16% 2% 0% 44% 
 
The study has shown that the biggest obstacle in the analysed area is poor availability of parking spaces for 
loading and unloading operations and dedicated parking spaces for delivery vehicles (ranked highest by 98% of 
respondents). Another difficulty is inappropriate space for parking delivery vehicles (82% of respondents). Conflicts 
with other road users (mainly related to difficulties occurring during the loading and unloading operations) were 
ranked third in the overall ranking. Less burdensome turned out to be the presence of large delivery vehicles in the 
analysed area, resulting from the occurrence of significant transit traffic in Szczecin. In the similar way respondents 
ranked insufficient legislative support, manifested mainly in the lack of regulations taking into account the needs of 
delivery transport (such as the reduction of collecting parking fees while delivering goods). Relatively little 
burdensome in the analysed area is the occurrence of restricted access of freight vehicles to certain urban areas. It is 
undoubtedly associated with the fact there is a relatively low number of restricted areas in Szczecin, which is 
primarily due to its morphology. The least onerous are considered the constraints resulting from too narrow streets. 
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A general conclusion drawn after the analysis of answers can be a statement that the key problems within the city 
centre are related to difficulties in loading and unloading operations associated with poor availability of parking 
spaces. 
3.3. Environmental impact of deliveries in analysed area 
The assessment of the impact of distribution processes on the urban environment was made with the use of 
estimated values based on statistical data, the results of other projects aimed at the analysis of urban freight transport 
functioning and the data of traffic analysis obtained from other cities. All of these formed the basis for the 
preparation of the simplified model of distribution network in the analysed area of Szczecin, using estimated data on 
trips undertaken between the key points of the road network constituting the origins and destinations. This model 
helped to develop O-D matrix through which it was possible to estimate the average length of routes for distribution 
processes implemented within Szczecin. The following general assumptions were adopted for the analysed solutions, 
which allowed determining their economic efficiency: 
x Study included two categories of vehicles – light goods vehicle (referred to as LGVs) with a mass not exceeding 
3.5 t and heavy goods vehicles (referred to as HGVs) of more than 3.5 t; 
x For both groups of vehicles the average fuel consumption and emissions (PM, NOx, CO, CO2) was adopted based 
on data from the European Environment Agency (European Environment Agency  2013); 
x Distribution processes divided into four selected categories (for retail and service entities, HoReCa sector and 
production plants) were determined in accordance with generalized models of urban freight transport functioning 
and statistics at the level of 30%, 50 % and 20%, respectively; 
x The use of vehicles in both categories (LGV, HGV) for each category of distribution processes was determined in 
accordance with the generalized models of urban freight transport functioning and statistics (Bonnafous  2013). 
To estimate the number of trips in the research area, the major additional assumption was established, that all 
deliveries realized by own transport are the single-drop type and all deliveries realized by third party transport are 
multi-drop type. Based on the opinions of drivers the average numbers of deliveries per one multi-drop were 
established. The estimations regarding distribution of single-drop and multi-drop deliveries are shown in Table 7. 
     Table 7. Distribution of single-drop and multi-drop deliveries in analysed area. Source: own study. 
 Single-drop deliveries Multi-drop deliveries 
Average number of 
deliveries in multi-drop 
Retail entities 19% 81% 4 
HoReCa sector 29% 71% 2 
Service entities 48% 52% 2 
Production plants 52% 48% 1 
 
The results of the final estimation of environmental impact of deliveries in the area of research are presented in 
Table 8. 
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     Table 8. The impact of deliveries on the urban environment in the analysed area. Source: own study. 
UFT sectors 
Number of 
trips 
Average 
freight trip 
distance 
(km) 
Total km 
travelled 
Share of freight 
vehicles 
travelled by 
Average emissions of urban freight traffic (g/km) 
Total emissions of UFT in pilot city 
(kg) 
LGV HGV 
for LGV for HGV 
PM NOx CO CO2 
PM NOx CO CO2 PM NOx CO CO2 
Retail entities 2 192 
14,0 
30 690 0,9 0,1 
0,17 1,29 3,45 314,40 0,28 8,46 5,50 655,00 
6 62 112 10 694 
HoReCa sector 446 6 249 0,9 0,1 1 13 23 2 177 
Service entities 1 020 14 276 0,5 0,5 3 70 64 6 920 
Production plants 369 5 166 0,2 0,8 1 36 26 3 032 
11 180 225 22 823 
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4. Conclusion 
Constant development of the agglomeration of Szczecin measured i.a. by the spatial city expansion, the increase 
in population density, a growing number of production plants and public institutions, requires local authorities to 
apply management principles based on the concept of sustainable development. Analysis of the current situation in 
Szczecin was the basis for determining the needs for improving freight distribution. According to the study results, 
over 82% of respondents believed that the main difficulties in delivering goods in Szczecin is inappropriate space 
for parking delivery vehicles, and no parking spaces for collecting/delivery of goods and for delivery vehicles. 
Moreover, 89% of respondents drew attention to the problem of too much freight traffic in the central areas of the 
city. 
Measures to improve freight distribution (like unloading bays, deliveries consolidation, deliveries time windows 
etc.) could ensure not only economic, but also ecological development of the “green city” area – the name often 
used to describe the natural beauty of Szczecin (hence the adopted vision: Floating Garden 2050). Keeping this 
situation requires primarily the development of effective adaptation scenarios of measures already tested in other 
European cities, according to the method of benchmarking. Nowadays unloading bays are developed and tested at 
the area of Szczecin.  
The basis for a comprehensive assessment of the usability of the adopted solutions is to involve as many 
stakeholder groups of urban freight transport as possible. Stakeholders, who, on the one hand, have certain 
experience and knowledge, and on the other hand, evaluate the solutions through the prism of their own goals and 
expectations, which allows for selecting those solutions (forming the number of goals) that to the most possible 
extend meet the needs of the widest group of potential users and beneficiaries.. 
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